for the GENESIS PRAXY Team IMPORTANCE Little is known about whether sex differences in acute coronary syndrome (ACS) presentation exist in young patients and what factors determine absence of chest pain in ACS presentation.
C hest pain is the hallmark and critical distinguishing symptom used to initiate diagnostic testing for acute coronary syndrome (ACS) and urgent lifesaving therapy. However, up to 35% of patients with ACS do not report chest pain. 1 These patients are more likely to have a misdiagnosis in the emergency department and a higher risk of death compared with those with chest pain. 2 Numerous studies of elderly patient cohorts have shown that non-chest pain presentations are relatively common in women and men. However, women are more likely to present without chest pain than men or have only mild chest pain symptoms, and a higher prevalence of comorbid conditions like diabetes in elderly women may account for some of the sex-based differences in ACS presentation. 3 Whether these sex differences in ACS presentation and predictors of non-chest pain presentation exist in young ACS populations remains unknown because this group has not been sufficiently studied. Approximately 18% of patients with ACS are younger patients (age ≤55 years). 1 Women younger than 55 years are more likely to have their ACS misdiagnosed in the emergency department compared with men, 4, 5 and young women admitted to hospital with ACS have a higher risk of death compared with their male counterparts. 1, 6 Presentations of ACS without chest pain, therefore, may occur more often in younger women compared with younger men. To clarify this issue and inform the need for sex-specific ACS evaluation recommendations in young adults, we evaluated sex differences in symptom presentation in patients 55 years or younger using standardized data collection in patients hospitalized for ACS. We determined whether absence of chest pain presentation was associated with sex, sociodemographic characteristics, gender identity, psychosocial factors, comorbid conditions, differing severity of ACS, and extent of coronary disease compared with those with chest pain.
Methods

Study Participants
Subjects were participants of the GENESIS PRAXY (Gender and Sex Determinants of Cardiovascular Disease: From Bench to Beyond Premature Acute Coronary Syndrome), an ongoing prospective observational cohort study. 7 The presence of chest pain was not explicitly required for diagnosis.
Data Collection Symptom Presentation
Symptom presentation for the acute phase of ACS was determined in all participants during hospitalization for ACS using the McSweeney Acute and Prodromal Myocardial Infarction Symptom Survey (MAPMISS). 9 The MAPMISS assesses the presence and intensity of 37 acute MI symptoms present from onset to time of diagnosis. Validation studies for the MAPMISS have been conducted in women and have demonstrated good test-retest validity (r = 0.84). 9 Shortness of breath was collected from medical records. Presentation without chest pain was defined as absence or low intensity of any chest pain symptom (general chest pain, pain high in the chest, or left breast pain).
Demographic, Psychosocial, Gender Role, and Clinical Characteristics Patient age, socioeconomic status (SES) as indicated by annual household income (high if >$50 000), education level (higher if any postsecondary education), marital status, primary earner status, and ethnicity (white vs other) were determined by self-report. Body weight and height to calculate body mass index (BMI, with obesity defined as ≥30 [calculated as weight in kilograms divided by height in meters squared]), admission blood pressure, and heart rate were obtained from the medical record. Menopausal status in women (premenopausal or perimenopausal vs postmenopausal) was based on self-report (date of last menstrual period and menopausal status). The presence of diabetes mellitus and hypertension were based on self-report and medical records of diabetes, hypertension, or use of diabetes or antihypertensive medications. Feminine and masculine personality traits were determined using the validated short form of the Bem Sex Roles Inventory (BSRI) questionnaire. 10, 11 Scores for the BSRI are rated 1 to 7 on a Likert scale for each masculine and feminine selfidentified personality trait, with mean scores of 4.9 considered normatively masculine and feminine respectively. 11 Men and women with high scores for both masculinity and femininity are considered to be better able to engage in situationally appropriate behavior, without being impeded by stereo-typical conceptions of being a man or woman. Depression and anxiety symptoms in the 2 weeks preceding the index hospitalization for ACS were assessed using the Hospital Anxiety and Depression Scale (HADS), with a score higher than 8 on each subscale indicating probable depression or anxiety.
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ACS Severity and Coronary Anatomy Severity of ACS was assessed by ACS type (ST-segment elevation myocardial infarction [STEMI] vs non-STEMI [NSTEMI] or unstable angina), as determined by medical record, by peak troponin levels (tertiles above normal value) obtained from day of admission from the medical record, and by the presence and extent of coronary stenosis and Global Registry of Acute Coronary Events (GRACE) score, a validated score used to predict inhospital and long-term mortality or reinfarction in STEMI and NSTEMI patients. 13 Details on coronary anatomy were provided by cardiac catheterization data included in the medical chart review. These data contained information on presence of coronary stenosis (defined as obstruction of >50% in at least 1 vessel). We also computed a variable for extent of coronary obstruction by adding the number of coronary vessels with stenosis greater than 50%. We obtained data on disease location (left main coronary disease, left anterior descending artery, right coronary artery, and circumflex artery).
Statistical Analysis
Baseline characteristics and symptom presentation were compared between men and women using χ 2 and t tests for categorical and continuous variables, respectively. Sex differences in symptom presentation were further stratified by ACS type (ie, STEMI, NSTEMI, unstable angina), but because the findings were similar to the entire study population, we presented data on symptom presentation for all patients with ACS.
To assess the independent association of sex with ACS presentation without chest pain, we estimated risk-adjusted multivariate logistic regression models that included sex, age, gender characteristics, household income, diabetes, hypertension, obesity, depression, anxiety, ACS type, troponin level, and admission heart rate and blood pressure on all patients with ACS in our study. We also repeated the logistic regression model but only including those patients who underwent coronary angiography regardless of revascularization. Ten percent of men and 11% of women did not undergo angiography. In this model, we additionally included presence or absence of stenosis and left main disease.
Furthermore, we used principal components analysis, a pattern-finding and data reduction technique, for the nonchest pain symptoms among those without chest pain to identify key patterns of symptoms. Non-chest pain symptoms were also evaluated for their association with markers of ACS severity (ACS type and troponin tertile using logistic regression and extent of coronary stenosis using linear regression). Patients with missing data (smoking, 1.4% men and 2% women; obesity, 1.4% men and 0% women; troponin level, 0.9% men and 3.6% women; and STEMI status, 1.4% men and 3% women) were excluded in the multiple regression analyses. Analyses were performed using SAS version 9.2 (SAS Institute Inc).
Results
Of the 1174 eligible patients who were approached for study enrollment (27% women and 73% men), 10% of women and 18% of men declined participation in the study resulting in a final participation rate of 86% (n = 1015).
Patient Characteristics
The median age of women and men was 49 years, 40% were obese, and more than half of women enrolled in the study were premenopausal or perimenopausal ( Table 1) . Women were more likely than men to have hypertension, diabetes, and depression. Men had higher mean feminine ratings than average, whereas women did not have higher mean masculine ratings (with mean scores of 4.9 considered normatively masculine and feminine). Women had lower troponin levels and fewer STEMI events but had similar GRACE scores components compared with men. Among those who underwent coronary angiography, men were more likely to have greater than 50% coronary stenosis in at least 1 vessel than women. However, there was no significant sex difference in prevalence of triple-vessel disease or presence of left main disease.
Symptoms at Presentation
Of all patients in the ACS cohort, 96.6% of men and 97.0% of women reported at least 1 symptom: either chest pain, shortness of breath, or one of the non-chest pain MAPMISS symptoms. Chest pain was the most common symptom for men and women regardless of ACS type (Figure and Table 2) . Women reported a greater number of symptoms than men. The most common non-chest pain symptoms in both sexes regardless of ACS type were weakness, feeling hot, shortness of breath, cold sweats, and pain in the left arm or shoulder.
Women were more likely to present without chest pain than men (19.0% vs 13.7%; P = .03). Young women without chest pain had fewer symptoms in general compared with women with chest pain (mean number of symptoms, 3.5 vs 5.8; P < .001), with similar findings in men (2.2 vs 4.7; P < .001) (Figure) . Women without chest pain, however, had more symptoms than men without chest pain. Of those who did not report chest pain, 84.5% of women and 78.4% of men reported at least 1 non-chest pain symptom. The principal component analysis failed to identify a clinically predictive pattern of presenting symptoms in those with and without chest pain and this was found in both women and men.
Determinants of ACS Presentation Without Chest Pain
In the univariate analysis, patients with and without chest pain were similar except that patients without chest pain were less likely to have STEMI, had lower troponin levels, and were less likely to have greater than 50% coronary stenosis but were more likely to have left main disease ( 
Non-Chest Pain Symptoms and Their Association With ACS Severity
The most common non-chest pain symptoms reported in those without chest pain (weakness, feeling hot, shortness of breath, cold sweats, and pain in the left arm or shoulder) were not associated with markers of ACS severity (ACS type, troponin elevation, or extent of coronary stenosis) except for cold sweats 
Discussion
The most significant findings in this study were that chest pain was the most predominant symptom of ACS in both men and women 55 years or younger, regardless of ACS type. Women had a higher likelihood of presenting without chest pain than men. Most women and men who presented without chest pain, however, reported at least 1 other non-chest pain symptom, such as shortness of breath or weakness. Presentation without chest pain in the young was not independently associated with differences in ACS type, troponin level, or extent of coronary stenosis. The majority of evidence supporting that women are more likely to present without chest pain at ACS presentation were derived from elderly patient studies, and only a few studies examined younger populations. Younger patient studies yielded conflicting results and had a limited adjustment for potentially confounding factors. 1, 14 To our knowledge, this analysis is the first to extensively adjust for potentially confounding baseline factors such as anxiety, depression, gender identity, comorbid conditions, and extent of coronary disease in a young ACS cohort. The proportion of men and women with non-chest pain presentations in our study (19.0% in young women and 13.7% in young men) was substantially lower than what is reported in elderly patients. 1, 3, 14 A US registry analysis (1994-2006) reported that 47% of women and 41% of men 65 years or older presented without chest pain, whereas 20.6% of women and 14.8% of men younger than 55 years presented without chest pain in that study. 1 The underlying reasons for a lower prevalence in younger patients is unclear given the lack of studies in younger patients. Advanced age has been shown to be a powerful predictor of non-chest pain presentations, and the prevalence of factors such as hypertension and diabetes that might contribute to non-chest pain presentations in our study was lower than that reported in elderly patient studies. 1, 14 However, it is also possible that there is greater selection bias in younger patients because previous studies found younger patients, especially women, to have a missed ACS diagnosis. 4 This study identified that women and men generally reported similar non-chest pain symptoms, but women reported a greater number of these symptoms than men. This observation is consistent with findings from elderly patients but similar evaluations in young patients are lacking. 1, 15 Although systematic reviews identified that elderly women are more likely than men to report shortness of breath, nausea, vomiting, back pain, and jaw and neck pain, these findings are inconsistent across studies. 15, 16 As in our study, no discernable pattern of non-chest pain symptoms has been found to better identify these men and women with ACS. These findings highlight the need for standardized symptom assessment in all patients with suspected ACS. Although women and men without chest pain at ACS presentation reported fewer symptoms than those with chest pain, the majority of these patients still reported at least 1 nonchest pain symptom or shortness of breath. Thus, relying on the presence of chest pain alone may further the underdiagnosis of ACS, particularly in young women. Underdiagnosis of ACS in the emergency department has been reported to occur in up to 11% of patients, predominantly among women 55 years or younger and those without chest pain at ACS presentations. 4 In the Rotterdam Study, the estimated incidence of unrecognized MI was 3.8 per 1000 patient-years, with a higher proportion of unrecognized MI in women (54% vs 33%) compared with men. 17 The implications of a missed ACS diagnosis at the emergency department are significant because these patients have high rates of readmission to hospital and increased risk of death compared with those hospitalized for ACS. 4 Although absence of chest pain is commonly thought to occur with less severe ACS events, our study found that absence of chest pain was not associated with markers of lower ACS severity. This finding is generally consistent with an analysis of the GRACE data registry that found a similar likelihood of ischemic changes on electrocardiography and high-risk features including higher Killip classification, 2 but it contrasts with the findings in 2 other studies. 1, 18 Moreover, earlier studies used retrospective medical record review to identify patients with- out chest pain, which are likely less precise than interview using standardized symptom questionnaires. Our study also found on multivariate analysis that absence of chest pain was associated with left main disease. This finding needs to be confirmed in other studies.
The reasons for sex differences in ACS symptom presentation are not clearly established. Younger women had a higher prevalence of diabetes compared with men, 19 a finding similar to elderly patient cohorts, as diabetes is associated with sensory denervation from cardiac autonomic neuropathy. 20 However, even on adjusting for diabetes, women were still at greater risk for ACS presentation without chest pain. Other possible determinants for sex-based differences in presentation include gender differences in assertiveness to report symptoms, a higher prevalence of mood disorders that mimic ACS symptoms in women, [21] [22] [23] menopausal status, 24 lower burden of coronary stenosis, 22 or increased resting blood pressure 19, 22 in women. However, we found no associations with these factors in women or men with absence of chest pain. Tachycardia was more prevalent in women than men at presentation. Although tachycardia reflects sympathetic overactivity commonly associated with pain, we found an association between higher heart rates and absence of chest pain, a finding consistent with other studies. 1, 18 Men were more likely to have a higher annual household income compared with women. However, in those who underwent angiography, higher household income was associated with presentation without chest pain. The strengths of this study include the use of a standardized validated symptom questionnaire administered during hospitalization for ACS and the detailed psychosocial, clinical, and anatomic data collected. However, there are several limitations to note. We only included patients who were ultimately diagnosed as having ACS. Therefore, we missed patients with ACS who were misdiagnosed, who did not seek medical care, or who died prior to coming to hospital. This process would likely underestimate the true prevalence of ACS presentation without chest pain in women and men. We were also not able to interview patients who died in the emergency department or shortly after admission. However, rates of death in the emergency department are reported to be low (3.8% of women and 3.4% of men). 5 We used the MAPMISS, which was only validated in women with acute MI. Nevertheless, in our cohort, 96.6% of men reported shortness of breath or at least 1 MAPMISS symptom. The study was underpowered to detect sex differences within each ACS type (STEMI and NSTEMI or unstable angina) group. However, this does not alter our overall findings of sex differences in ACS presentation even on adjustment for patient and clinical factors. Finally, our patient sample included a large proportion of patients with STEMI and fewer patients with unstable angina because patients were enrolled from coronary care units and cardiology wards. Therefore, these results may not be generalizable to patients with unstable angina or lower risk NSTEMI admitted to noncritical care or noncardiology settings.
Conclusions
Our findings indicate that chest pain is the predominant symptom that should direct diagnostic evaluation for ACS and be used for public health messages for young women and men, similar to older patients. However, health care providers should still maintain a high degree of suspicion for ACS in young patients, particularly women, given that 1 in 5 women with diagnosed ACS do not report chest pain. Importantly, ACS severity was similar in patients with and without chest pain. Given that the majority of patients without chest pain express at least one other non-chest pain symptom, standardized collection of all ACS related symptoms is needed. Strategies that explicitly incorporate standardized assessment of common non-chest pain symptoms or signs, such as weakness, shortness of breath, or tachycardia in emergency departments also need to be evaluated.
